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ABSTRACT 


Partula gibba, commonly known as the Fat Guam Partula, is endemic to Guam and Northern 
Mariana Islands, and it is listed as endangered in the IUCN Red List of Threatened Species. 
The effects of calcium concentration on its growth and reproductive success were studied. 

The snails were divided into six groups, fed ad libitum on a diet based on the one formulated 
by Frame and Clarke at the Nottingham University approximately 25 years ago or variants 
in which cuttlebone was substituted by various concentrations of calcium carbonate. Shell 
height, thickness and width, aperture/lip height and width where recorded every month for a 
whole year, and all were found to be significantly positively correlated with the percentage of 
added calcium carbonate in the diet (range 0—40% dry wt:wt). Morphometric growth param- 
eters of snails fed 20% added calcium carbonate did not differ significantly from the diet with 
added cuttlebone (20%), with the exception of their reproductive success, which was lower 
with the cuttlebone treatment. Reproduction success (expressed by the number of newborns 
per adult per month) was also significantly and positively correlated over the range of added 


calcium carbonate to the diet. 
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INTRODUCTION 


Partula gibba, commonly known as the Fat 
Guam Partula, is endemic to Guam and the 
Northern Mariana Islands, and is listed as en- 
dangered in the IUCN Red List of Threatened 
Species. 

Gastropod distributions may depend on 
various factors, but calcium concentration has 
been found to be a particularly important and 
limiting (Brodersen & Madsen, 2003). The im- 
portance of calcium to terrestrial gastropods is 
well known, and the observations are almost 
always similar to the early description of Boy- 
cott (1934), who showed that dietary calcium 
is essential for growth, reproduction and shell 
construction (Wagge, 1952; Crowell, 1973; 
Ireland, 1991; Ireland & Marigomez, 1992; 
Egonmwan, 2008). The snails’ shell comprises 
approximately 97% calcium carbonate and this 
accounts for their highly demand for this ele- 
ment (Heller & Magaritz, 1983). 


Several studies have examined the effects 
of calcium concentration on various snail spe- 
cies (Brodersen & Madsen, 2003; Harrison, 
1970; Madsen, 1987), and these have mostly 
concluded that the snails are generally able to 
live under low calcium concentrations in the 
laboratory, but that growth is inhibited and thin- 
ner shells are usually developed (Brodersen & 
Madsen, 2003). Crowell (1973) demonstrated 
that plant matter alone is not a sufficient source 
of calcium, and observed that the shells of 
snails fed only on plant matter were weak, thin 
and fragile. He also showed experimentally 
that Helix aspersa ingested soil, and that the 
soil subsequently passed as faeces contained 
12—32% less calcium than soil with no previous 
exposure to snails (Heller & Magaritz, 1983), 
and therefore soil is likely to be an important 
source of calcium in the wild. 

The diet of Partula snails in the wild is largely 
unknown. They are detritivores, but have been 
observed feeding on various plants includ- 
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ing decaying stalks of Hibiscus (Malvaceae), 
Etlingera (Zingiberaceae), Piper (Piperaceae), 
Microsorum (Polypodiaceae ), and Cocos (Are- 
caceae) (Hopper & Smith, 1992; Cunningham 
et al.,1996; Coote, 2007). 

Partula are ovoviviparous hermaphrodites 
(Clarke & Murray, 1969), and they produce a 
completely shelled offspring every six to eight 
weeks. 

In order to test whether calcium plays an 
important role in the wellbeing of the Partula 
snail cultures, we investigated the effect of 
different dietary mixes varying in their calcium 
carbonate content. 


METHODS 


The snails Partula gibba used in the experi- 
ment were the offspring from the parents from 
London Zoo population. Individuals were 
maintained in a controlled temperature room 
(range of 22°C at night and 23°C during the 
day). Relative humidity varied between 70 and 
80%. Light was provided by fluorescent tubes 
on a twelve hour day and night cycle. 

Because of the high mortality experienced 
during the first post natal week, Partula gibba 
were used after they reached a minimum 
weight of 0.03 grams and a maximum of 0.05 
grams, the snails were then randomly placed 
into individual plastic containers (250 ml) cov- 
ered with cling film®, the substratum consisted 
of layers of damp bleach-free paper tissue. 
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FIG. 1. Snails’ morphometric measurements; shell 
thickness (G), height (A-B), width (C—D), lip height 
(B-F) and lip width (E-D). 


Snails were fed ad libitum on a diet based 
on the one formulated by Frame and Clarke at 
the Nottingham University approximately 25 
years ago (Tonge & Bloxam, 1990), 300 g of 
porridge oats, 150 g of powdered trout pellets, 
600 g powdered grass pellets, 25 g of vitamin 
powder (Vetzyme, Seven Seas Ltd.) and 300 
g of powdered cuttlebone. The diet was moist- 
ened with filtered water to form a runny paste 
and then microwaved for approximately two 
minutes for sterilisation. 

Different groups of snails were fed either 
standard diet or variants in which the cuttlebone 
was replaced by powdered calcium carbonate 
0, 10, 20, 30 and 40% (wt:wt)(Mineral Technolo- 
gies, Inc.). There were 10 replicates of each 
treatment. The diet, tissue and the containers 
were replaced every month, and the numbers 
of newborns (reproduction success) were 
counted. All the materials used to handle, feed, 
house and clean the snails were previously 
sterilised/disinfected in a microwave or with 
water sterilized with Milton tablets (sodium 
hypochlorite) (Coates, 1996). 

Snails were weighed once per month from the 
beginning of the experiment until the end. Due 
to their thin delicate shells, morphometric mea- 
surements were only conducted once the snails 
reached the adults stage (characterized by the 
formation of the lip (P. Pearce-Kelly, personal 
observation)). Shell height, thickness and width, 
aperture/lip height and width of each snail were 
measured using a digital vernier calliper, based 
on the pathology protocol in use at the Zoologi- 
cal Society of London, Pathology Department 
(Fig. 1). The snails’ measurements were re- 
corded once per month for a whole year. 

Statistical analyses of the data were per- 
formed using the software package R (Ihaka 
& Gentleman, 1996). 


RESULTS 


Results for changes in morphometric pa- 
rameter between each monthly measurement 
are showed in Figs. 2—8. All morphological 
measures as well as snail weight were found 
to be significantly and positively correlated with 
the percentage of added calcium carbonate in 
the diet (Table 1.). 

In addition, reproductive success (expressed 
by the number of newborns per adult per 
month) was significantly and positively corre- 
lated over the range of added calcium carbon- 
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Change in weight (g) 


0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 2. Effects of different calcium carbonate concentrations added to the 
diet including 20% powdered cuttlebone on the weight of the snails. The 
top and bottom of each rectangular box denote the 75th and 25th percen- 
tiles, respectively, with the median shown inside the box. Horizontal bars 
on lines extending from each box represent the 90th and 10th percentiles, 
and the outliers are illustrated as “o”. Significant differences among indi- 
vidual treatments are denoted with letters over each box. (Statistics are 
presented in the same format for all of the box plots in this study). 


Change in shell lip thickness (mm) 


0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 3. Effects of different calcium carbonate concentrations added to the 
diet including powdered cuttlebone on the snails’ shell lip thickness. 
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Change in shell height (mm) 


0.10 


0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 4. Effects of different calcium carbonate concentrations added to the diet 
including powdered cuttlebone on the snails’ shell height. 


Change in shell width (mm) 
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0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 5. Effects of different calcium carbonate concentrations added to the diet 
including powdered cuttlebone on the snails’ shell width. 
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Change in shell lip height (mm) 


0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 6. Effects of different calcium carbonate concentrations added to the 
diet including powdered cuttlebone on the snails’ shell lip height. 
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0% 10% 20% 30% 40% Cuttlebone 
Calcium added to the diet 


FIG. 7. Effects of different calcium carbonate concentrations added to the 
diet including powdered cuttlebone on the snails’ shell lip width. 
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Number of newborns produced 


0% 10% 


20% 


Cuttlebone 


30% 
Calcium added to the diet 


40% 


FIG. 8. Effects of different calcium carbonate concentrations added to the diet includ- 
ing powdered cuttlebone on the reproductive success of Partula gibba, expressed 
as number of newborns per month over a year period. 


ate to the diet. Nearly all parameters showed 
an approximately linear relationship. 

Visual inspection of the graphs and t-tests 
showed that the morphometric growth param- 
eters of snails fed 20% added calcium carbon- 


ate did not differ significantly from the diet with 


added cuttlebone (20%) with the exception of 
their reproductive success where there is a 
significant difference (t = 2.9, df = 17.986, p < 
0.01), the diet with added 20% calcium carbon- 
ate has a higher reproduction success than the 
diet with cuttlebone (20%). 


TABLE 1. Linear model summary, for Partula gibba morphometric measures and reproduction 
success against the addition of calcium to the diet. 


F-stats 
Snails’ weight F148 = 131.3 
Shell lip thickness F442 = 215.8 
Shell height F142 = 75.72 
Shell width F442 = 108.8 
Shell lip height F142 = 120.8 
Shell lip width F142 = 77.45 
Reproductive success Fy 4g = 223.6 


p-value r2 Intercept 
P < 0.001 0.73 P < 0.001 
P 0001 - 0.84 P< 00i 
P < 0.001 0.64 P < 0.001 
P < 0.001 0.72 P < 07001 
P < 0.001 0.74 m< 001 
P < 0.001 0.65 P= 0105 
P <0.001 0.82 ns 
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DISCUSSION 


Nutrition is one of the major factors that af- 
fects the performance of livestock (Oluokun et 
al., 2005). Following this line of thought, this 
study focused on the importance of calcium 
in the development and reproduction success 
of Partula gibba. The results presented in this 
study are consistent with the study performed 
by Oluokun et al. (2005), which concluded that 
the snails’ shell height, width and thickness 
increased with an increased calcium concen- 
tration in the diet. 

Partula snails are nutrient recyclers and 
hence have an important role in their eco- 
system. The total disappearance of Partula 
snails in the wild can be devastating to the 
ecosystem and further studies on the effect of 
their extinction upon their ecosystem should 
be considered. For example, Gardenfors et al. 
(1995) noted that the abundance and diversity 
of snails are closely positively correlated to 
OH in the soil (Johannessen & Solh@y, 2001). 
Johannessen & Solh@y (2001) concluded that 
snail populations have a positive effect upon 
bird population since some species rely on 
the snails shell as a source of calcium. These 
studies indicate the importance of snails as a 
source of calcium in forest ecosystems. 

As Partula snails face an uncertain future 
with the high rate of species extinction currently 
observed, it is of great importance that all the 
factors contributing to their welfare are fully 
understood. This study demonstrated that an 
increased level of dietary calcium carbonate 
significantly improved their wellbeing. 

Numerous studies previously demonstrated 
the importance of calcium as a factor determin- 
ing the development and wellbeing of snails. 
Fournie & Chetail (1982), for example, estab- 
lished that the addition of calcium carbonate to 
the snails’ diet prevented them from dwarfing, 
with the exception of snails reared on calcare- 
ous soils (Elmslie, 1988; Egonmwan, 2008). 
Calcium also plays a vital role on the regen- 
eration process of the snails’ shell. Bierbauer 
(1957) reported that shell repair in Helix poma- 
tia was enhanced following injection of calcium 
(Vaidya, 1980). Voelker (1959) noted that scar- 
city of calcium may result in thinner and more 
brittle shells, rendering them less fit to protect 
the snail properly against desiccation, physical 
damage and invertebrate predators (Johan- 
nessen & Solhg@y, 2001). Egonmwan (2008) 
concluded that calcium deficiency in Limicolaria 
flammea resulted in a decrease in the growth 
rate of these snails raised in the laboratory. All 


these studies demonstrate that calcium is an 
important nutrient in the snails’ life. 

It is therefore recommended that an increase 
of calcium concentration to 40% instead of 
20%, in the standard diet of Partula snails 
would be beneficial and that calcium carbonate 
powder should be used instead of cuttlebone, 
since the cuttlebone diet did not demonstrate 
any additional benefits. It is also known that 
the cuttlebone can be contaminated with heavy 
metals (Miramand et al., 2006), such as mer- 
cury (Hg) (Lacoue-Labarthe et al., 2009), bio- 
accumulation of PCBs (Danis et al., 2005) and 
potentially infectious agents, hence calcium 
carbonate is effortless to use and it is simpler 
to control possible routes of contamination that 
may influence the snails’ welfare. 
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